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CHAPTER I
INTRODUCTION
In the early summer of 1952, there was an influx of
mole crickets (Gryllotalpa gryllotalpa) on the campus of
Prairie View A. and M. College and in the surrounding areas.
Dr. T. P. Dooley, professor of Biology at the college, collected some of these animals, anticipating investigating
the cytology of the egg and other related phenomena.

After

preparing slides of the ovaries, and some of testis also,
for study, the germ cells of the testis presented such excellent mitotic phases of development that upon Dr. Dooley's
suggestion, this investigation was begun, commencing in the
summer of 1955, in the research laboratory at Prairie View
A. and M. College and completed in August of the same year.
Since the late nineties much work has been done on
spermatogenesis in insects with a considerable amount of
interest focused on animals of the order Orthoptera.

The

investigations in spermatogenesis revealed that the scheme
of development of the sperms in most insects is generally
the same except for a few variations found usually in the
origin and development of the components of the developing
germ cells.
Wilcox (1895) (12) in his work with spermatogenesis
in Cicado tibicen, locates and describes spermatogonia,
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primary and secondary spermatocytes, and gives a complete
description of spermatid metamorphosis.

He mentions

spermatocytes in several different stages of development
with reference to the nucleolus and its position in the
cell.

Wilcox's work at this time included spermatogenesis

in Caloptenus femur-rubrum, in which his findings, with
reference to developing germ cells and their positions in
the tubules, are similar to germ cell development in
Cicada tibicaen.

The primary substance of his paper on

Caloptenus however, treats of the ring like arrangement of
chromosomes observed on the spindle of the primary spermatocytes during metaphase and the formation of tetrads in
the history of the primary spermatocytes.

He concluded

that the reduction division occurs between the secondary
spermatocyte and spermatid stages.

Wilcox (1896) (13)

continued his investigations on spermatogenesis of
Caloptenus giving a complete account of the existence and
significance of the centrosomes in the entire history of
the spermatid and mature sperm.

He concluded from this

study that from the first maturation division to the
formation of the spermatozoan, the centrosome maintains
its individuality, eventually forming the neck of the
mature sperm.
McClung (1902) (10) gives a detailed history of the
spermatocyte divisions occurring in animals of the family
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Locustidae.

The main interest of his investigation seems

to be centered around the activity of the chromatin
granules in the primary and secondary spermatocytes.

From

his observations, he re.l ates finding halves of the threads,
in the leptotene arrangement of the chromatin, in the
primary spermatocytes, exact duplicates of each other and
concluded that _this exact duplicati?n is the result of
each thread splitting longitudinally rather than the paring
of threads in synapsis.

Much of his repQrt is given to

describing the activity of the accessory chromosome.
Baumgartner (1902) (1) traced the development of the
nebenkern, ~crosome, and axial filament of spermatid transformations in Gryllus assimilis.

He concluded from his

study that the nebenkern arises from the spindle fibers of
secondary spermatocytes and therefore exists only in the
spermatid and early sperm stages, eventually forming the
tail sheath of the mature sperm.

In mentioning the acro-

some, he described it first in the young spermatid as a
small heavy staining structure which he assumed, from his
observations, to become or form the apical tip on the
nucleus, the acrosome.

Baumgartner observed the axial

filament in its first appearance, growing out from a heavy
staining clump on the outer surface of the nucleus of the
young spermatid and concluded this protuberance to be the
centrosome .
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Blackman (1905) (2) studied spermatogenesis of the
Myriapods making his observations from Scolopendra heros.
He traced the germ cell from spermatogonia to mature sperms.
He found that the primary spermatocytes arise from spermatogonia, secondary spermatocytes result from primary
spermatocyte division, and spermatids, which are transformed
into mature sperms, arise from secondary spermatocyte division.

As early as the prophase of the primary spermatocyte,

he identifies the centriosomes, the idiosome, and the
formation of tetrads.

Mark and Copeland (1906) (9) observed

spermatogenesis in the Honey Bee and noted several stages in
the germ cell development.

Most of the report is given to

describing spindle formation and centriole activity in the
primary and secondary spermatocytes.
Boring (1907) (5) made a study of spermatogenesis in
twenty-two species of Membracidae, Jassisae, Cercopidae,
and Fulgoridae.

Her study revealed clearly defined stages

of sperm development.

Longitudinal sections of the testes

showed tubules with spermatogonia housed in the distal end
of the tubules and more advanced stages of cells progressing
toward the proximal portion of the tuble.

Some cysts of the

tubules were observed with the majority of the cells in one
stage and the rest in transition.

The order of development

was based on the observations from Entilia sinuota with a
complete description of the odd chromosome.

The work most nearly related to spermatogenesis in the
mole cricket is that of Davis (1908) (7) in which he investigated the formation of sperm cells in Acrididae and
Locustidae.

In animals of both families he found sperma-

togonial cells in mitosis and producing primary
spermatocytes.

He differentiated these two stages on the

basis of size and chromatin formation.

Near the lumen,

secondary spermatocytes, spermatids, and sperms were noticed.
Most of these cells were found in cysts except the mature
sperms.

From his observations of the chromosomes, a complete

description of the spireme threads forming dyads and tetrads
is recorded with special significance to the maturation
divisions and the sex chromosome.
A review of the records of investigators on insect
spermatogenesis, of which only a few have been cited here,
reveals the many phases of sperm formation that have been
under study during the past sixty years.

Pollister (1930)

(11) using Gerris remigis, of the order Hemiptera, noticed
and recorded cytoplasmic phenomena in the spermatogenesis
of this animal.

Included in this paper is the history of

the chondriosomes, golgi bodies, and the acrosome.
Lucas and Stark (1931) (8) observed living sperm
cells of grasshoppers by means of the ultraviolet microscope and were able to describe all the stages in
spermatogenesis.
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Wilson and Pollister (1936) (14) observed sperm
formation in the Centrutid scorpions and described primary
spermatocytes in the early growth period, tetrad formation,
and the reduction division.

Most of Wilson and Pollister's

report is given to extra nuclear structures and their
significance in sperm formation.
Many of the investigators, whose works on spermatogenesis in insects and other related animals, have reported
similar results.

However, in the conclusions of some,

there seems to be differences of opinions.

There is no

doubt that these differences will serve as a basis for
continued research in this field of study.
This investigation was begun with a two-fold purpose.
One, to determine and follow successively the developmental
stages of the germ cells in the mole cricket and second, to
compare the results of this investigation with the findings
of others who have observed and determined the germ cell
stages in other closely related animals.
My kindest thanks are expressed to Dr. T. P. Dooley,
whose helpful suggestions and criticisms were invaluable
in developing this paper.

CHAPTER II
MATERIALS AND METHODS
The mole crickets (Gryllotalpa gryllotalpa) upon
which this study was made were collected on the prairie
View A. and M. College campus, Prairie View, Texas, and in
the down town area of Hempstead, Texas, in the early summer
of

1952.
The testis of the mole cricket were removed from the

animal bodies by making a longitudinal incision down the
long axis of the dorsal region and lifting the organs from
the anterior abdominal portion.

Immediately after removal,

some of the testis were fixed in Bouin's fixative for six
to sixteen hours and some tissues were fixed in Carnoy's
fixative for four to ten hours.

At the end of fixation,

the tissues were washed in several changes of 50 percent
ethyl alcohol, or appropriate washing agent and dehydrated
UR through absolute ethyl alcohol.

Because of xylol's high

miscibility with absolute ethyl alcohol and paraffin, it
was used to clear the tissues of ethyl alcohol after which
the tissues were infiltrated and imbedded in filtered
medium paraffin (melting point

53-55°c.).

At this point in the procedure, the blocks of
paraffin containing the tissues were mounted on the
carrying discs of the microtome and the tissues were
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sectioned at 7 microns.

They were then stained with

Heidenhan's iron hematoxylin and counter stained with eosin.
After mounting in balsam, all tissues were studied
under the chromatic lens (power 97x) of a Bausch and Lomb
monocular microscope and the fluorite lens (power 95x) of a
biocular Bausch and Lomb microscope.

The testicular

tissues were studied for details under the fluorite lens,
but were transferred to the monocular microscope and
drawn under the chromatic lens with the aid of the camera
lucida.

CHAPTER III
OBSERVATIONS
SPERMATOGENESIS OF THE MOLE CRICKET
Adult mole cricket testes are located in the anterior
dorsal region of the abdomen of the animal and appear as
very pale yellow oval bodies about 5 or 6mm. in length and

3 to 5 mm. in width.

The entire testis is enclosed in a

sheath of connective tissue and consists internally of a
number of minute tubules, each separated by a thin intertubular membrane.

Within these tubes the sex cells become

mature, changing from spermatogonia to spermatocytes to
spermatids and finally into mature sperms.
Longitudinal views of the testis show club shaped
tubules arranged adjacently and ending blindly at the
distal portion of the testis.

The tubes taper toward the

proximal end and finally lead into the common terminal, the
vas deferens (Fig. 1).

Within the tubules, cysts of

developing germ cells are arranged along the inner walls of
the membranes occupying most of the tubular space, except
for the lumen which occupies a small center portion from
the proximal to the distal end of the tuble.
Cross sections of the testis present a pattern that
is semirounded showing several to many tubules in transverse
section.

The entire cross section of the testis is
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surrounded with a comparatively thick membrane and each
cross sectioned tubule is completely surrounded by a thinner
membrance homologous with the membrane mentioned in the
description of the longitudinal sections.

Neither of these

membranes seem to be cellular in structure (Fig. 2).
Examination of the cross sections show very distinctly the
location and morphology of the developing germ cells.

Most

of the tubules, both cross and longitudinal sections, do
not contain cells in all of the stages of development,
however, some tubules do show spermatogonia, primary and
secondary spermatocytes in several phases of transformation, spermatids in various degrees of development and
young and mature sperms.

In tissues prepared from the

testes of the older or adult animals, mature sperms were
found almost invariably in the tapered end of the tubules
of the longitudinal sections.

Cells in other stages of

development were found occupying the greater portion of the
remaining tubular space.
The spermatogonial cells in most instances are found
intact with or near the inner portions of the membranous
wall of the tubule.

These cells are large with large

nuclei and have diameters of about 12 microns.
is about 7 microns in diameter.

The nucleus

Often the spermatogonial

cells are in early prophase with concentrates of chromatin
massed on the inner surface of the nucleus.

Abundant
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spermatogonial cells are found in late prophase.

In this

phase, the chromatin appears as short thick filaments or
strands, coiled and filling the nuclear space (Fig. 4).

In

this instance the cell and nucleus diameters have increased
to about 14 and 9 microns respectively.
spermatogonial cells in metaphase (Fig.

Only a few

5)

and in telophase

(Fig. 6) were observed.
Proceeding from the masses of spermatogonial cells,
in the longitudinal sections of the tubules, toward the
proximal end of the tubules, other cells are arranged in
cysts of irregular shapes and placements; most cells of
any one cyst are in the same phase of development except a
few cells which are found in transition to the next stage.
Because cells in transition from a preceeding stage to a
succeeding stage are found in practically all the cysts,
a basis for tracing the scheme of development of the
germ cells is established.
Primary spermatocytes are similar to the spermatogonia
except that the former are slightly larger and are much more
abundant.

The cell diameter of the primary spermatocytes is

about 13 microns and the nucleus diameter measures about 10
microns and occupies more of the cell space than in the case
of the spermatogonial cell.

Primary spermatocytes are

located at some distance from the tubular membrane; the
location of these cells and the presence of secondary
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spermatocytes in the cysts not only aid in differientating
the stages of development, but also help to substantiate the
sequence of development.

Practically all phases of mitosis

are observed in the primary spermatocytes.

Figure 7 shows

several primary spermatocytes in prophase and in the
immediate vicinity, other primary spermatocytes are found
in later prophase (Fig. 8).

In this phase the chromatin is

arranged in the leptotene stage, the threads of chromatin
appear as dark beads attached end to end and coiling somewhat irregularily through the nuclear space.

Figure 9

represents still a later prophase of the primary spermatocyte
with the chromosomes taking on the characteristic pachytene
appearance.

Primary spermatocytes in the pachytene and

leptotene phases were found, in rare cases, in cysts with
primary spermatocytes in both metaphase (Fig. 10) and
anaphase (Fig. 11).
The chromosomes of the spermatogonia and the primary
spermatocytes were too closely aggregated to make an
accurate count of their number or to determine the presence
or absence of tetrads, therefore, no mention is made of the
chromosome number and no attempt to determine at what stage
reduction division occurs.

However, an oval shaped heavy

staining body, contrasted with the oblong shaped chromosome
was observed, in numerous instances, completely apart
from the chromosome mass on the fibers.

This body is similar

in appearance and shape, in some cases, to the odd chromosome
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which Boring (1907) found in her study of spermatogenesis of
twenty:two species from four families of insects.
The secondary spermatocytes are very noticeably
smaller than their antecedents and can be distinguished from
the primary spermatocytes without difficulty.

The cell

diameter of the secondary spermatocyte measures about
microns and its nuclear diameter is about

5 microns.

8.5
These

cells present several excellent phases of mitosis for
observation and study including the appearance of the idiosome.

Figure 12 shows several secondary spermatocytes in

early prophase with the characteristic chromatin formation
and the medium staining rounded idiosome seemingly attached
to the nuclear membrane and extending out into the surrounding cytoplasm.

No centrioles or golgi bodies were observed

in or around the idiosome.

Secondary spermatocyte cells in

the leptotene phase (Fig. 13) and in the pachytene phase
(Fig. 14) are found in cysts with secondary spermatocytes in
the earlier prophases and provide excellent material for
studying cells in this particular developmental stage of the
sequence.

In the pachytene phase, the secondary spermatocyte

cell enlarges to about 10 microns in diameter.

Cysts of

secondary spermatocytes in telophase (Fig. 15) are abundant
next to the lumen.

The spindle fibers are longer in this

phase than those found in similar phases of the primary
spermatocytes and there is a pronounced constriction that
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nearly separates the cell into the two spermatids.

The

chromosomes are massed at the two poles, losing their
identity, and the idiosorne is not discernable in this phase.
Aggregates of young spermatids are invariably found
in cysts where the wall or membrane of the cyst has begun to
erupt.

Young s permatids are small cells with diameters of

about 7 microns and nuclei with diameters of about 4 microns.
The small amount of cytoplasm of the young spermatid continues
to diminish and slough off making the outer contour of the
cytoplasm somewhat irregular in shape, but the nucle~s is
more often round.

In these cells the idiosome, now called

the nebenkern, reappears and the acrosome, a small cap-like
dark staining structure, forms on the outer surface of the
nucleus thus marking the anterior pole of the cell.

The

nebenkern appears as a medium staining rounded structure
suspended in the cytoplasm toward the posterior region of
the cell (Fig. 16).

In some of the young spermatids a short

hair-like projection extends from the surface of the nucleus
at the posterior pole, into the surrounding cytoplasm
(Fig. 17).

This filamentous structure is assumed to be the

developing tail or flagellum of the sperm cell.

However,

this structure could not be traced to its proximal origin
and therefore no definite conclusion is made about it.
the young spermatid continues to mature, it undergoes a
series of transformations.

The surrounding cytoplasm is

As

15
gradually reduced giving the young spermatid the appearance
of a nucleated mass as a result of the cytoplasm being
sloughed off toward the posterior end of the cell.

The

chromosomes or chromatin formations are completely obscure
and the older spermatid now has small fragments of cytoplasm
attached here and there to the nucleus and filament.

The

nucleus in this stage of spermatid transformation is pear
shaped and stains very heavy along its membrane and at the
anterior and posterior poles (Fig. 18).

The flagellate

extension from the posterior pole of the nucleus has become
longer and, in some of the spermatids, a round knob-like
structure is present on the filament next to the nuclear
membrane (Fig. 19).

Spermatids in still older transforma-

tion show no fragments of cytoplasm and the nucleus begins
to elongate slightly.

The acrosome appears as an almost

colorless tip on the outer surface of the nucleus.

The

nucleus is heavily stained throughout except for a tiny
lighter portion in the center.

The tail has lengthened

considerably and the round knob-like structure, described
in the younger spermatid, has developed into a thickened
middle piece (Fig. 20).
Mature sperms of this species are slender and very
elongated.

No accurate measurement was made of the entire

sperm cell because of the congested positions of the tails
but an estimated measurement of the length of the entire
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cell is from 130 to 150 microns.

The head of the sperm

measures about 20 microns in length and about 2 microns in
width.

The elongated head is tapered at both the anterior

and posterior ends becoming very sharp at the anterior end
and the entire head structure is solidly stained.

The

anterior tip of the head, the acrosome, however, remains
light in staining quanti1y (Fig. 21).

The middle piece is

not at all distinct in the mature sperms and therefore no
mention is made of it in this stage.

The tail of the sperm

appears as a medium staining long hair-like structure
projecting into the lumen of the tubule.

Mature sperms as

well as transforming spermatids are often found imbedded
head first in the epithelium of the tubular membranes which
contains large oblong heavy staining cells (Fig. 22).

CHAPTER IV
DISCUSSION
SPERMATOGENESIS IN THE MOLE CRICKET
The progress of spermatogenesis in the mole cricket
may be followed most easily by dividing the entire process
into a series of steps or stages, based on the location and
size of the prospective germ cells at certain stages, and
the condition of the chromatin in the nucleus .

In the case

of Gryllotalpa gryllotalpa, the stages in the developing
germ cells, from spermatogonium up to a late period in
sperm formation, have been studied and completely determined.
The earliest prospective stage in the developing germ
cells of the mole cricket was the primary spermatogonia.
These cells seem to be the very beginning of spermatogenesis
in insects in general and arise from the germinal epithelium.
It is assumed that the origin of these cells accounts for
their characteristic arrangement found next to the tubular
membrane .

Davis (1908) (7) found in the longitudinal

sections of Acrididae, a large cell located at the distal
end of the tubule and surrounded by spermatogonial cells.
He believed this cell was originally a developing germ cell
which became modified for an entirely nutritive function.
He attempts to support this belief by describing cytoplasmic
granules of this cell often arranged in rays, as though
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streaming out from the nucleus to the surrounding spermatogonia (7).

Due to the ease with which this cell responds

to general stains and its conspicuous location and arrangement
in the tubule according to Davis, there is doubt that failure
to find a similar cell in tissues used in this study is due
to faulty observations or techniques, but that the testes of
GrYllotalpa do not contain apical cells.

There were,

however, in the tubular membranes and sometime in the
epithelium, large oblong heavy staining cells assumed to
have some nutritional function.

This belief is supported by

observations in which these cells were found invariably with
sperms attached head first to them.

These nutritive cells

were found also and in more numerous numbers in the vicinities of the spermatogonia.

These results seem to be partly

in accord with those of Pollister (1930) (11).

In his

complete description of the testes of Gerris of the order
Hemiptera no mention is made of apical or nutritive cells
except a few filiform shaped cells in the lunen which he
assumed to have some nutritional significance.

Because

primary spermatogonial cells were often found in mitosis,
Fig.

5 and 6), it is believed that several generations of

spermatogoni are produced before the primary spermatocytes
arise.

Although no spermatogonial stages presented

chromosomes arranged so as to make an accurate count, it is
generally agreed that each of these cells is diploid in
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chromosome number.
After the last spermatogonial division, each of the
resulting cells begins a growth period -- eventually
becoming primary spermatocytes.

It was in the primary

spermatocytes that the peculiar acting chromosome was first
observed which was interpreted as being the accessory
chromosome.

Its later positions and activity were difficult

to follow but some idea of these are gained from Davis'
(1908) (7) study of Dissosteria carolins in which he recorded that the odd chromosome is located nearer one pole
than the other during metaphase in the primary spermatocyte.
During anaphase this chromosome does not divide but passes
to only one of the poles.

At this time it shows a longitu-

dinal split but does not divide until the second spermatocyte
division, consequently, only half of the spermatids receive
this odd chromosome, pp. 118 (7), Blackman (1905) (2)
observed a similar structure in Scolopendra and Mcclung
(1902) (10) found similar conditions in Xiphidium.
In this paper, the primary spermatocyte is designated
as the second spermatogenic stage in the sequence of development of sperm cells as found in the mole cricket.

In the

grasshopper testes on which a preliminary study of
spermatogenesis was made, tissues of the testes from very
young animals, little older ones and mature animals showed
germ cell stages similar to those found in the mole cricket.
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In the young grasshoppers, most of the tubules showed only
the presence of spermatogonia with one or two tubules
containing a few primary spermatocytes.

In this age animals

no secondary spermatocytes, spermatids or sperms were
evident.

In grasshoppers slightly older, additional stages

were found abundantly up to the secondary spermatocytes,
with only a comparatively few spermatids and hardly any
sperms present.

In the mature animals all stages were

present from spermatogonia to mature sperms.

All of the

stages were occasionally observed in the same tubules:
some cysts were found containing cells all in the same stage
of development and other cysts were found with cells of
different developmental stages.

The presence of certain

stages and the absence of others in the testes, with
reference to the ages just mentioned, seem to me to be
sufficient evidence upon which to establish a logical line
of development of the sperm cells in the grasshopper.

The

determination of the series of stages in spermatogenesis of
the mole cricket is not based on the observations and
findings from the grasshopper materials but on results
obtained from the mole cricket testes themselves.

Unfor-

tunately, Gryllotalpa testes or slides were not available
from animals as widely varied in age as that of the
grasshoppers studied, however, some of the cysts in tubules
from the testes of the adult mole cricket contained only
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spermatogonia.

Others contained spermatogonia, primary and

secondary spermatocytes, while other tubes show the presence
of all the stages.

The sequence of germ cell development

found in the grasshopper materials is in absolute accord
with the sequence determined from insects in general by
other investigators.

Eventhough the literature did not

contain reports on spermatogenesis in the mole cricket, it
seems doubtful that the scheme of germ cell development in
the mole cricket differs to any great degree from that
established by Blackman (1905) (2) in Scolopendra.

Boring

(1907) (5) in Entilia sinuota, Bowen (1920) (6) in
Murgantia, and Davis (1908) (7) in Dissosteira carolina.
The primary spermatocytes of Gryllotalpa gryllotalpa,
at the end of the growth period, are by far the largest
prospective developing stage of the germ cell in the tubules,
and according to Baerg (1907) contains the diploid number of
twelve chromosomes.
The spermatogonia most nearly approaches the primary
spermatocytes in size, nevertheless, there remains distinguishing differences in other aspects of their make up.
During primary spermatocyte proliferation, the nucleus
enlarges in similar proportion with the cytoplasm so that
the final mature primary spermatocyte nucleus occupies about
eight or nine tenths of the cell space.

It is my belief,

without any conclusive evidence however, that this increased
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nuclear space in the primary spermatocytes is nature's own
way of providing ample space for the complex activity of the
chromosomes in preparation for the first mitotic division.
Probably the most accurate method for recognizing the
primary spermatocytes is by identifying the chromosomes in
the form of tetrads, when this is characteristic of the
animal.

In this study no determination of the formation of

tetrads in the developing germ cells of the mole cricket was
made.

However, lengthwise indentations on the ends of some

of the chromosomes, during metaphase in the primary spermatocytes, were noticeable.

Only a few chromosomes were observed

in this apparently longitudinally splitting condition, however, it is entirely possible that the positions of other
chromosomes in other cells would afford views that might
reveal evidence of longitudinal cleavage.

Blackman (1905)

(2) reported tetrad formation in the myriapods and Davis
(1908) (7) observed tetrads formed in the primary spermatocytes of Acrididae and Locustidae.

The spireme threads in

the prophase of the primary spermatocytes (Fig. 8 and 9) of
the materials used in this study were beautifully formed and
responded to stain excellently, but there was little evidence
of splitting of the spiremes or chromosomes.

Upon the

evidence found the author hesitates to conclude whether
tetrad formation in the developing germ cells is characteristic of the mole cricket, without further study of the
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testicular materials and certainly not before exhausting
other staining methods.
At the end of all preparatory activity in the primary
spermatocytes the first maturation division occurs resulting
in two smaller secondary spermatocytes.

Because of the

numerous occasions in which the secondary spermatocytes
were found in cysts of dividing primary spermatocytes, the
secondary spermatocyte is designated, in this study, as the
third developmental stage in the sequence of germ cell
history in the mole cricket.

Also the comparative size of

the secondary spermatocytes with that of the primary
spermatocytes naturally points to the primary spermatocytes
as the mother cells in this case .

Nothing unusual seems to

happen to the nuclear contents in the secondary spermatocyte
stage.

I did observe however, that in anaphase and telophase

of this stage, the spindle fibers seem to be fewer in number
than those in anaphase and telophase of the primary spermatocytes.

It may be assumed that the seemingly reduced number

of spindle fibers employed to pull the chromosomes or
chromatids to the poles is possibly due to a reduced number
of chromosomes in this stage.

It does seem logical however,

that even though there was no evidence of tetrad formation
in the primary spermatocytes, it is entirely possible that
the first spermatocyte division might be one of reduction,
and now in the secondary spermatocytes, there are only half
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as many chromosomes for the spindle fibers to handle.

Though

this line of reasoning seems reasonable and logical, it may
not represent actually what happens.

However, it seems to be

well established and agreed to by many investigators,
Mcclung (1902) (10) in his work with Hippiscus, Wilcox
(1895) (12) in his work with Caloptenus, Lucas (1931) (8) in
her work with grasshoppers, and others, that when tetrad
formation is evident, the last spermatocyte division is
reductional.
It was in the secondary spermatocyte stage that the
idiosome was first observed.

This body is not very conspic-

uous in cells stained with iron hematoxylin and therefore
little knowledge as to its succeeding activities could be
gained in this study.

Davis (1908) (7) however, concluded

from his study of spermatogenesis in Locustidae and
Acrididae that the idiosome is formed from a collection of
mitochondria and interzonal filaments and in the spermatid
stage, forms the acrosome and aids other mitochondria formations in forming the tail sheath of the mature sperm pp. 1561~.

The fourth stage of germ cell development in the
scheme for Gryllotalpa is the spermatid.

Two spermatid cells

result from each secondary spermatocyte division, and the
spermatids, without further division, are transformed
directly into mature sperms.

One of the most common and

25
characteristic structures observed in the spermatids of the
mole cricket is a rounded medium staining structure which is
assumed to be the nebenkern.

As to its origin and function,

the author cannot say with positiveness but Wilcox (1895)
(12), Baumgartner (1895) (1) and Davis (1908) (7) found a
similar structure in the spermatids of their insect testes
and maintains that it is formed almost entirely from the
inter-zonal filaments and probably the idiosome remnants.
Centrioles were not observed in any stages of germ
cell development in this animal.

There was some indication

of the centriole or rather a structure which is thought to
be the centriole, attached to the outer surface of the
posterior region of the nucleus of the spermatids .

Attached

to this structure and seemingly, growing out of it, was the
short axial filament.
The sperm cell with its much decreased nuclear head
and its long axial filament is the final stage and product
of the spermatogenic process.

With the function of this

germ cell in mind, it is beautifully constructed.

Its head

has become very elongated and seemingly very pointed and
sharp at the anterior end.

This anatomical makeup should

make puncturing and entering the egg cell an easy task.
Attached to this elongated head at the posterior end is a
long hair-like tail which renders the sperm cell very
mobile.

26
In most of the tubules where mature sperm cells were
found the sperms had migrated from the central portion of the
tubule to the nlltritive epithelia.

Their position was head

first into the epithelia with tails extending freely into
the lumen portion of the tube.
The heavy concentration of sperm cells in areas of
the epithelia, which contains the previously mentioned
large, oblong cells, was very noticeable and I strongly
believe that the sperm cells receive their nourishment from
these large cells or from the epithelia during their stay in
the tubules.

There was no evidence of any other stages or

changes after the sperm cell stage and it seems that the
germ cell in this stage is morphologically perfect for its
future function.

CHAPTER V
SUMMARY
The study of spermatogenesis in the mole cricket has
led to a revelation of the successive stages through which
the developing germ cells pass in becoming spermatozoans.
The first atage of the process is that of the
spermatogonia.

These cells are large and are found in the

seminiferous tubules next to the tubular membrane.

Several

generations of these cells are produced, those of the last
generations by a growth process, and without division, are
transformed into the second stage of the sequence
primary spermatocytes.
The primary spermatocytes are the largest of the
germ cells and lie a short distance from the tubular
membrane in cysts.

In these cells appear the very first

signs of chromosomal changes and preparations, along with
certain cytoplasmic formations.

These chromosomal changes

continue in each developmental stage of the germ cell
undoubtedly preparing for the reductional division in which
one half the diploid number of chromosomes are transferred
to the spermatid.
The secondary spermatocytes are the next stage in
the sequence set forth in this paper and are produced by
the first spermatocyte division.

Secondary spermatocytes
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are conspicuously smaller than the primary spermatocytes and
are usually found in cysts closer to the lumen of the tubule.
Each secondary spermatocyte divides to produce two
spermatids.

In insects which form tetrads, the secondary

spermatocyte division is usually the reduction division.

An

attempt to determine with accuracy where reductional
division occurs in Gryllotalpa developing germ cells was not
successful because of the fact too little evidence was
observed in the way of chromosomal counts and tetrad
formations.

,

The spermatids are small cells usually found in disintegrating cysts still closer to the lumen.

They transform

directly into spermatozoans, the final stage in the
developmental process.

Certain structures of the mature

sperm are formed from pre-existing structures of the earlier
stages.

According to authorities in the field, the axial

filament of the sperm cell is formed from the centrioles,
the middle piece is formed from the chondriosomes, and the
acrosome is formed from the idiosome.

The axial filament,

middle piece and acrosome were all discernable in one or
another stage of germ cell development but the centrioles
were not readily distinguishable.

The entire process

produces four sperm cells, each with the haploid number of
chromosomes, from one spermatogonial cell.

LITERATURE CITED
1.

Baumgartner, W. J.

1895.

Spermatid Transformation in Gryllus Assimilis
with Special Reference to the Nebenkern.
Kansas University Science Bulletin, Volume 1,
pp. 47-73. 2 plates.

2.

Blackman, Maulsby W.

1905.

The Spermatogenesis of the Myriapods.

III.-

The Spermatogenesis of Scolopendra Heros.
Bulletin of the Museum of Comparative Zoology,
Harvard.

3.

Volume 48, pp. 1-137, 9 plates.

-----------------1905.

The Spermatogenesis of the Myriapods.

IV.- On

the Karyosphere and Nucleolus in the Spermatocytes of Scolopendra Subspinipes.

Proceedings

of the American Academy of Arts and Sciences.
Volume 41, pp. 331-344, 1 plate.

1907.

The Spermatogenesis of the Myriapods.
the Spermatocytes of Lithobius.

V.- On

Proceedings

of the American Academy of Arts and Sciences.
Volume 42, pp. 489-520, 2 plates.

30

5. Boring, Alice M.
1907.

A study of the Spermatogenesis of twenty-two
species of the Membracidae, Jassidae,
Ceropidae and Fulgoridae, With Especial
Reference to the Behavior of the Odd
Chromosome.

Journal of Experimental Zoology.

Volume 4, pp. 469-513, 9 plates.
6.

Bowen, Robert H.

1920.

Studies on Insect Spermatogenesis.

I.-The

History of the Cytoplasmic Components of the
Sperm in Hemiptera.

Biological Bulletin.

Volume 39, pp. 316-361, 2 plates.

7.

Davis, Herbert Spencer

1908.

Spermatogenesis in Acrididae and Locustidae.
Bulletin of the Museum of Comparative Zoology,
Harvard.

8.

Volume 53. pp. 59-158, 9 plates.

Lucas, Francis F. and Mary B. Stark

1931.

A Study of Living Sperm Cells of Certain
Grasshoppers By Means of The Ultraviolet

9.

Microscope.

Journal of Morphology and

Physiology.

Volume 52. pp. 91-107, 4 plates.

Mark, E. L. and Manton Copeland

1906.

Some Stages in the Spermatogenesis of the
Honey Bee.

Proceedings of the American

Academy of Arts and Sciences.
101-111, 1 plate.

Volume 42. pp.

31
10.

McClung, C. E.
1902.

The Spermatocyte Division of the Locustidae.
Kansas University Science Bulletin.

Volume 1.

pp. 185-239, 4 plates.
11.

Pollister, Arthur W.
1930.

Cytoplasmic Phenomena in the Spermatogenesis
of Gerris.
Physiology.

12.

Journal of Morphology and
Volume 49. pp. 455-507, 6 plates.

Wilcox, E. V.
1895.

Spermatogenesis of Caloptenus Femur-Rubrum
and Cicada Tibieen.

Bulletin of the Museum

of Comparative Zoology, Harvard.

Volume 27.

(1). pp. 1-32, 6 platei.

13. -----------------1896.

Further Studies on the Spermatogenesis of
Caloptenus Femur-Rubrum.

Bulletin of the

Museum of Comparative Zoology, Harvard.
Volume 29. pp. 193-208, 3 plates.
14.

Wilson, E. B. and Arthur
1936.

w.

Pollister

Observations on Sperm Formation in the
Centrurid Scorpions With Especial Reference
to the Golgi Material.
Morphology.
plates.

Journal of

Volume 60. pp. 407-443, 2

EXPLANATION OF FIGURES
All drawings except Fi gs. 1 and 2 were made with the
aid of the camera lucida.
nb-----Nebenkern, ac-----Acrosome, Id-----Iodiosome
Fig.

1.

Sketch of long axis of mole cricket testis.

Fig.

2.

Sketch of cross section of mole cricket
testis.

Fig.

3.

Spermatogonial cells in early prophase.

Fig.

4.

Spermatogonial cells in late prophase.

Fig.

5.

Spermatogonial cells in metaphase.

Fig.

6.

Spermatogonial cells in telophase.

Fig.

7.

Primary spermatocytes in early prophase.

Fig.

8.

Primary spermatocytes showing leptotene of
prophase.

Fig.

9.

Primary spermatocytes showing pachytene of
prophase.

Fig.

10.

Primary spermatocytes in metaphase.

Fig.

11.

Primary spermatocytes in anaphase.

Fig.

12.

Secondary spermatocytes in early prophase.

Fig.

13.

Secondary spermatocytes showing leptotene
of prophase.

Fig.

14.

Secondary spermatocytes showing pachytene
of prophase.

Fig.

15.

Secondary spermatocytes in telophase.
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Fig.

16.

Young spermatids showing nebenkern.

Fig.

17.

Young spermatid showing developing tail.

Fig.

18.

Older spermatids with pear shaped nuclei.

Fig.

19.

Older spermatids showing the formation of
the middle piece.

Fig.

20.

Young sperm cells with developing tails and
middle piece.

Fig.

21.

Mature sperm cells.

Fig.

22.

Spermatids and young sperm cells in area of
nutritional cell.
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